We present an approach how to produce and characterize flexible water barrier coatings for active micro-implants.
Introduction
Electrically active micro-implants (e.g. retina implant or intracranial implant for wireless longterm EEG) must be protected against moisture ingress. Hermetic packaging with thin flexible water barrier coatings is required to protect the electronic circuitry of the implant against chemical aggressive human body electrolyte. We present an approach how such flexible barrier coatings can be produced and corresponding measurement equipment for characterization. To evaluate the water barrier performance (water vapour transmission rate WVTR) miniaturized thin film humidity sensors were fabricated and incorporated in the bottom of barrier coatings. Thus in situ monitoring of moisture levels inside the encapsulation layer is possible and reliability of water vapour barrier coatings can be validated for registration purposes.
Methods
Inorganic water vapour barrier coatings were deposited by PECVD-, PVD-and ALD-Processes (Plasma-enhanced Chemical Vapor Deposition, Physical Vapor Deposition, Atomic Layer Deposition) on biocompatible polymeric materials (polyimide, parylene). Various materials have been tested for their water vapour barrier performance. These include titanium, gold, silicon nitride, aluminium oxide, titanium oxide.
Adhesion quality between the individual layers was determined using scratch test (DIN EN ISO 1071) and cross-cut adhesion test (DIN EN ISO 2409). Investigations of the electrical insulation quality of promising polymeric encapsulation materials (polyimide, parylene) were carried out for longer test periods. The test samples consisted of Inter-Digital Electrodes structures (titanium/gold fingers with 50µm width and gap distance) and electrode pads (0.01cm 2 , 0.1cm 2 , 0.2cm 2 ) which are embedded in the polymer layer. WVTR and helium transmission rate (HeTR) of the barrier layers were determined using mass spectroscopy sensitive on D 2 O (deuterium oxide) or He. For in-situ evaluation of the barrier performance of water vapour barrier coatings a miniaturized humidity sensor was developed. The humidity sensor for our research is shown in Fig 1. In principle it is a parallel plate capacitor using a metal bottom electrode (Au) and a structured metal top electrode (Au). The sensor is 5mm on a side and utilizes a polyimide film as dielectric with a thickness in the range of 2-3µm. 
Results
By suitable plasma pretreatment of the polymer substrates good adhesion of titanium/gold barrier layers in PBS at 60°C for a period longer than four months was achieved. Insulating layers (polyimide/parylene/anorganic barrier) showed low electrical leakage currents of approx. 1pA (leak current density: 5pA/cm 2 ) over a period of two months being exposed to PBS at 60°C. (ALD) films show a good barrier beyond 10 -2 g/m 2 d for a laminate structure (10 times Al 2 O 3 -TiO 2 alternating layers, d=50nm) on polyimide films. The fabricated humidity sensors show a linear response to humidity changes and a high sensitivity of up to 0,84pF/%RH. Sensors have been exposed to a one-hour test at 350 °C, which is the temperature typical used to fabricate polyimide encapsulation layers. The sensors show a fast response time, 5minutes is more than sufficient for the sensors to reach equilibrium (moisture gradient 33% -> 85% RH) [1] . Sensors were coated with water barrier layers (polyimide, parylene, Ti, Au). This allows the in situ characterization of water barrier coatings. A sensor covered Ti/Au film has been tested with DI water on top of the sensor (room temperature). The capacitance seems to saturate after approximately 80 h. This delay time could be a suitable parameter to determine the barrier perfomances of the barrier coatings.
Discussion
Flexible PVD-sputtered water vapour barrier coatings show barrier improvement factors better than 5000. Leak current is sufficiently low for the first two months in time accelerated physiological conditions. ALD technique shows quite promising results to produce very thin defect-free inorganic barrier layers. Multi-layers with several ALD films have to be investigated. Miniaturized thin-film humidity sensors can be used to measure the moisture level within the encapsulation layer to evaluate the protective coatings. These sensors may be integrated in electrically active microimplants serving as an alert device.
